fourteen days. The lesion is also examined in water between crossed polars and extends only 240 um into the enamel, showing a marked reduction in positive birefringence compared with the control. This section from the test half of the lesion is positioned approximately 150 um from the control seen in Fig 3. Oral fluid appears to have a high potential as a calcifying fluid since, in the first series of experiments, maximum changes were brought about after only five days' exposure, compared with the ten days required for the synthetic calcifying fluid. The precipitated element most probably consisted of both an organic and random mineral fraction. However, when just the surface overlying the lesion was presented for experiment, penetration was severely restricted since changes were only recorded in the superficial layer of the lesion. The synthetic calcifying fluid appears to be able to reduce the porosity of the lesion by the precipitation of mineral ions into the partially demineralized tissue. This has been demonstrated by an increase in the intrinsic birefringence in the tissue, by an increased radiodensity using microradiography and by direct observation using transmission electron microscopy (Silverstone & Poole 1969) . The presence of low concentrations of fluorine in the calcifying fluid appears to be essential, probably in aiding the precipitation of apatite structures rather than more basic types of calcium phosphate (McCann & Brudevold 1966) .
Further work has shown that the synthetic calcifying fluid can increase the resistance of sound human enamel to dissolution in vitro (Silverstone 1970 , Silverstone & Johnson 1971 , Silverstone 1971b It is recognized that the microbial mass known as dental plaque is an etiological factor of great importance in both caries and inflammatory periodontal disease. There has, however, been a tendency to regard plaque as a unique phenomenon and to study it in isolation from the rest of the organic film present on the tooth surface. So far, research has failed to incriminate any single bacterial species as the sole cause of either condition. Nor is there, as yet, any clear explanation of the relationship between plaque and disease.
Plaque is not confined to the mouth. Most surfaces have their own individual flora, a balanced microbiota living in dynamic equilibrium with its host. Dental plaque may be considered as a single instance of the flora covering body surfaces. This flora in its 'normal' habitat does not produce disease. Biochemical and bacteriological data have so far given no clear indication as to how plaque acquires a pathogenic potential. It may be that changes in both the constituents and the consistency of diet bring about the alterations in plaque biology that result in disease.
In the present investigation, an attempt has been made to correlate these changes and other factors with studies of the formation, growth, structure and anatomical site of plaque.
Certain conclusions may be drawn from an examination of the macroscopic features of the organic film present on the enamel surface in vivo. It can be seen to consist of three zones (Fig 1) , an upper (A) corresponding to plaque, a lower (C) corresponding to the vestigial enamel organ, and an intermediate zone (B) consisting of the acellular portion of the vestigial enamel organ, possibly modified by additions of salivary or oral epithelial origin. In health, the lower limit of the plaque zone corresponds to the free gingival margin, and the upper limit of the lower zone to the apex of the gingival crevice. The width of the middle zone appears to be directly related to the onset of gingivitis. Thus, in Fig 1, the middle zone is widest towards the buccal and lingual extremities of the approximal surface. The contact area is often clearly outlined by plaque which, by extending apically, results in the narrowing or even obliteration of the middle zone. There would seem to be a definite correlation between these changes in the distribution of plaque below the contact area and the onset of gingivitis in this region as described by Cohen (1959) .
The natural tendency in mastication, due to the activity of cheeks and lips on the buccal surfaces of the teeth, and of the tongue on their lingual aspect, is for food and bacteria to be impacted towards the contact area; hence the existence of a sub-contact area plaque.
In populations living on a more natural diet than ours, the approximal surface does not merely have its contact area outlined by plaque, but displays marked wear facets, flattened and often concave, due to functional movement of adjoining approximal surfaces in relation to one another (Begg 1954 , Beyron 1964 , Murphy 1964 . Under such circumstances the establishment of subcontact area plaque can be understood and it can be seen how, at the same time, such movement might effectively prevent the excessive build-up of plaque in this region. This minimizes stagnation commonly associated with this site, while also allowing the ingress of dietary and salivary components which may be used by plaque bacteria in addition to degradation products of the col. The reduction in stagnation produced in this way may also be regarded as a factor militating against the production of caries. Furthermore, stagnation would thus appear to be as important in the etiology of periodontal disease as of caries.
Microscopic examination of the organic film reveals that the first bacteria to be deposited on the tooth surface are most frequently coccal or mixed coccal and filamentous (Fig 2) . The surface plaque is random in its structure and content. It may consist of filaments orientated parallel to the tooth surface and to each other, of coccal forms with extracellular deposits and fibrillar extensions from their outer surface, or of similar coccal deposits possessing profuse intercellular connexions. Ray-like filaments are sometimes evident. Similar observations can be made with regard to plaque present both above and below the contact area. The implication would seem to be that plaque is not inherently pathogenic. It may be worth noting that if the adverse effects of microbial activity in plaque result in pain and loss of teeth to the human host, they are far more A:4,~~~~destructive to the bacteria. Neither the calcification of plaque evident in calculus nor the degree of acidity and high sucrose levels evident in so-called cariogenic plaque can be considered as beneficial to the majority of plaque organisms. It Filaments at the outer surface are often coated with extracelular debris or with many cocci (Fig  3) , the latter being present in ultrathin sections in the form of rosettes (Fig 4) . The principal struc-'' T -' tural feature of plaque noted by previous workers is the afrangement of filaments parallel to eachô ther and at right angles to the tooth surface.
Smaller organisms are usually scattered betweenthem, often stretched out in streptococcal-type chains (Fig 2) . Ultrasonication has demonstrated R that, as seen in the case of rosettes, filaments and coating organisms are often very firmly attached to one another (Poole & Newman 1971a, b) . These attachments may be of several kinds: wall-to-wall, fimbrial and fibrillar. .; consist of polysaccharide (Critchley & Saxton 1971) . Since organisms depend for their nutrition --.
-. on the absorptive capacity of their cell walls, it is conceivable that such connexions, especially wall-to-wall, may be of functional significance in Fig 4 Outer (salivary) region ofplaque from mesial the nutrition of plaque bacteria. It is worth noting surface oflower leftfirst premolar in a 12-year-old in this respect that, as the plaque increases in girl. Fixation and staining asfor specimen illustrated thickness, organisms at the enamel surface align in Fig 2. Note central, palely-staining cross-sections themselves in parallel fashion and grow outwards offilamentous cells surrounded by smaller, more themselves in parallel fashion and grow outwardis densely staining, closely-adhering coccalforms, from that surface.
themselves coated with extracellular material. x 8150 contact area, and also to increased stagnation of that plaque.
As long as fermentable carbohydrate is absent from or present in minimal amounts in the diet, caries is unlikely to be extensive, but the absence of external sources of nutrients in such sites may be a significant factor in the initiation ofperiodontal disease, since the only substrate readily available to plaque bacteria under these circumstances consists of elements of the gingival col.
Amelogenesis can be regarded as a two-stage process. The first, matrix production, is the formation of a relatively poorly mineralized matrix high in organic contents. This is succeeded by the maturation stage during which the mineral content is raised to exceptionally high levels with a corresponding dramatic reduction in organic content.
The mechanism of removal of the organic matrix is obscure. Earlier hypotheses (Weinmann et al. 1942) favoured the presence of proteolytic enzymes in the matrix, but this has been replaced by the suggestion (Eastoe 1963 , 1966 , Fearnhead 1965 ) that the matrix proteins constitute a thixotropic gel which is extruded by growth of apatite crystallites. A recent report by Suga (1970) suggests that proteases are present in enamel matrix.
The site and mechanism of breakdown of organic matrix constituents is also uncertain, although indirect evidence implicates the ameloblast in this process. Intravital dyes (Wassermann 1944) , labelled amino acids (Young & Greulich 1963 ) and 85SO4 (Reith & Cotty 1967) are removed from maturing enamel through the ameloblasts.
In rodents, maturing ameloblasts undergo major structural reorganization, including shortening, replacement of Tomes's process by a striated border (which has been shown in ultrastructural studies (Reith 1963 (Reith , 1970 to consist of complex infoldings with associated dense lysosome-like membrane-bound bodies), and migration of basal mitochondria into the distal cytoplasm.
Developing enamel is unusual in that it is separated from its vascular source of inorganic ions by the epithelial cells ofenamel organ. Recent preliminary studies by Hiller et al. (1971) have demonstrated that the uptake of 32PO4 into maturing enamel is an active cell-mediated process.
The object of the present study was to investigate the distribution and significance of hydrolytic and oxidative enzymes in ameloblasts during enamel maturation and to re-examine the presence of proteases in enamel matrix. Swiss albino mice of different ages were used. The study was limited to the molar teeth which are of limited growth. Mandibles were dissected out, halved and processed in a variety of ways. For routine histology specimens were fixed in Bouin's fluid, decalcified and processed through paraffin wax, and sections stained with a variety of histological stains including the DNFB-H acid method for proteins. Enzymes in maturing ameloblasts were studied in specimens demineralized in cold neutral EDTA for forty-eight hours (Fuilmer & Link 1964) . Oxidative enzymes representative of the tricarboxylic-acid cycle and pentose-phosphate pathway with their respective diaphorases, and leucyl-naphthylamidase (LNA), were demonstrated in unfixed specimens. Most hydrolytic enzymes with the exception of LNA were better preserved by prior fixation in cold gum-sucroseformalin. Demineralized specimens were frozen in iso-pentane chilled in liquid nitrogen, and 10 pm cryostat sections prepared, which were incubated in the appropriate media together with adequate controls. Unfixed mandibles at the end of matrix production were snap-frozen without demineralization, and cryostat sections were mounted on stained gelatin films (Cunningham 1967), moistened with 0.1 M phosphate buffer pH 7.4 and incubated for one hour at 37°C in a moist atmosphere to demonstrate protease activity. Rat submandibular glands were processed in an identical manner as positive protease controls.
Essentially similar results were found in all the molar teeth, and discussion will accordingly be limited to the first molar. The duration of matrix produiction is similar to that of maturation, both
